In microarrayed compound screening (µARCS), compounds are spotted and dried onto a polystyrene sheet (ChemCard) at a high density and introduced into the assay by contacting with agarose gels that contain reagents for the assay. The authors have conducted studies to characterize the compound transfer process using 59 compounds of diverse properties. The amount of compounds remaining on the ChemCard was determined by liquid chromatography/mass spectrometry after incubation with agarose gels for predetermined time periods. The results showed good correlation with kinetics of compound transfer to phosphate-buffered saline (PBS) buffer, but only moderate correlation with equilibrium solubility of compounds in PBS buffer. These observations indicate that the major factor determining compound transfer efficiency is the kinetics of dissolution of compounds, rather than equilibrium solubility and diffusion of compounds in the gel. Compounds of lower ClogP showed a higher rate of transfer to agarose gels and vice versa. Other compound properties such as molecular weight, size, acid-base, and H-bonding properties did not significantly affect compound transfer. Importantly, the majority of the compounds studied show greater than 20% transfer after a 10-min incubation with agarose gels, providing sufficient amounts of compounds for screening purposes. (Journal of Biomolecular Screening 2005:293-303) FIG. 1. Representative liquid chromatography/mass spectrometry single-ion chromatograms showing the relative amount remaining on the ChemCard after 0-, 3-, 10-, 15-, and 30-min incubation with gel.
M ICROARRAYED COMPOUND SCREENING (µARCS) is a wellless, high-density, high-throughput screening (HTS) technology that uses agarose or other porous matrices to introduce various biochemical or biological reagents in the assay. 1 In µARCS screening, 8640 compounds are spotted and dried onto a polystyrene sheet (ChemCard). The enzyme or substrate are cast into a thin, low-melting-point agarose gel, which is placed on the ChemCard for a short period of time (10 to 30 min), allowing passive diffusion of the compounds into the gel. The gel is then separated from the ChemCard and incubated with another gel or other porous matrices that deliver reagents to complete the assay. Active compounds appear as circular zones of inhibition or activation within a background of color, fluorescence, or radioactivity. Assay results presented as images are analyzed through a customized da-tabase. The µARCS technology developed at Abbott Laboratories has allowed lead discovery for various assay systems. [2] [3] [4] [5] [6] [7] [8] [9] [10] In µARCS screening, compounds are transferred from ChemCard to gel through direct contact. Several different processes may be involved in compound transfer such as wetting, dissolution, and diffusion. The efficiency of transfer may be affected by the properties of the compounds (intrinsic properties such as ClogP, solubility, nature of the functional group, acid-base, Hbonding) as well as the shape and form of the dried spot on the surface. In addition, the surface material, the composition of the gel, and assay reagents may also affect compound transfer.
Successful identification of hits using the µARCS format and good overlap between hits found from µARCS screening and 96well plate screening indicate that compound transfer and diffusion are not significant problems in µARCS screening. 1, 4 In addition, good correlation was seen between the ClogP distribution of hits from µARCS screening to that of the entire library. 4 However, the factors that may affect the efficiency of compound transfer, the very 1st step in µARCS screening, have remained unclear. It has been reported that solubilization enhancers such as cyclodextrins and nanoparticles enable detection of 2 inhibitors that were not detected in the absence of these enhancers in an EGFK kinase µARCS screen due to solubility issues. 8, 11 In this article, we report a study on compound transfer from ChemCards into the gel matrices used in standard µARCS screening. Fifty-nine compounds of various properties and structural characteristics were studied for their ability to transfer from the polystyrene card into the agarose gel. Kinetics of transfer to and equilibrium solubility in phosphatebuffered saline (PBS) were also investigated to determine the relevant factors affecting compound transfer.
To our knowledge, this is the 1st systematic study on compound transfer in µARCS screening. Studies on compound transfer kinetics from solid state to gel medium have been previously reported, including studies on transfer of individual compounds, drugs, and components of drug formulation with regard to drug dosing and release. [12] [13] [14] [15] Caliper Technologies developed a microarray-based compound storage (LibraryCard) for miniaturized HTS using labon-a-chip technology. The compound transfer from the microarry to the chip assay solution was studied and compared to standard microplate assay. Similar results were observed in both the chip and plate-based compound transfer. In general, compounds of higher ClogP showed lower levels of recovery from the LibraryCard in both formats. 16 In addition, certain screening formats may involve drying down of compounds in plates (384, 1536, and 3456 well), to remove the interference of DMSO, for example.
The results of this study should be relevant to these situations as well.
MATERIALS AND METHODS

Compound selection
Forty compounds were selected from the Abbott compound collection and 19 from commercial sources. Table 1 lists physicochemical properties of these compounds, which cover those of a typical screening collection. The molecular weight (MW) of these compounds ranges from 123 Da to 700 Da, and their partition coefficient (ClogP) values range from -1.6 to 8.4. High ClogP compounds (ClogP ≥ 5) are overrepresented in this study to ensure a good coverage of the ClogP property.
Compound spotting
Compounds were spotted onto polystyrene sheets (Tekra Corp, New Berlin, WI) with a distance of 1.5 to 2 cm apart using 40 nl of a 5-mM stock of compound in DMSO by a PixSys SynQuad 8-tip liquid dispenser (Cartesian Technologies, Irving, CA). These processes are similar to those used in the preparation of ChemCards for µARCS screening. The 1.5-to 2-cm distance between spots is much larger than the 1-mm spot distance in µARCS screening to prevent compounds from diffusing into each other when contacted with the agarose gel. After spotting, ChemCards were dried in a fume hood, sealed in airtight plastic bags, and stored at -80°C. 
Gel prep and card-gel incubation
A 2% agarose solution was cast to 0.75-mm thickness using a 20 × 20 cm Protean II gel casting apparatus (BioRad, Hercules, CA). The gel was polymerized at 4°C for 20 min in PBS buffer. The gel was released from the casting apparatus and placed on a clear plastic sheet for 5 to 10 min at room temperature to remove excess amount of liquid. The gel was then placed on the top of a ChemCard for 3, 10, 15, and 30 min to allow compound migration into the gel. The ChemCard was removed from the gel, and 1.25cm diameter card pieces around the compound spots were excised out for extraction and liquid chromatography/mass spectrometry (LC/MS) analysis. For each time point, compounds were spotted onto a set of 3 cards.
Compound extraction and sample prep
Reagents and solvents for compound extraction, sample preparation, and LC/MS analysis were high-performance liquid chromatography (HPLC) grade unless otherwise noted. Water was prepared using a NanoPure water purification system (Barnstead, Dubuque, IA).
ChemCard pieces of 1.25-cm diameter were extracted with 500 µl MeOH/ACN (50/50 volume ratio) in microcentrifuge vials. The volume of the extract solution was reduced to~25 µl using a Savant SpeedVac (Savant, Holbrook, NY). The extract was reconstituted with 0.1% formic acid to 100 µl for LC/MS analysis.
LC/MS
A Shimadzu (Columbia, MD) 10ADVP HPLC/autosampler system and a Waters (Milford, MA) LCT mass spectrometer or an Agilent 1100 HPLC with a Sciex API 150 mass spectrometer, both with electrospray ionization (ESI) source, were used in the analysis of the extract. LC separation was performed on a C18 1 × 50 mM column (Aqua, Phenomenex, Torrance, CA) using a fast generic gradient from 5% to 95% organic within 2 min. LC/MS data acquisition was in the ESI positive ion mode. Retention time and peak area information was obtained, and the amount remaining on the ChemCard was calculated by normalizing the average peak area of the compound of interest obtained from the 3 cards to that of the control sample. The control sample was from ChemCards not incubated with the gel. Comparison of the amount extracted from the control cards versus signal from dilution of stock solution indicates >80% efficiency of extraction of compounds from the polystyrene cards (data not shown).
Compound transfer to PBS buffer
ChemCards were prepared similarly to the transfer experiment. Cards were placed in 500 µl PBS buffer in a test tube on a shaker (S/P Rotator V, Baxter Scientific) at room temperature and removed from the buffer solution at 3, 10, 15, and 30 min. Aliquot of PBS buffer was taken and reconstituted to 25% MeOH/ACN (50/ 50) and 0.1% formic acid for LC/MS analysis. The amount transferred to PBS buffer was calculated by dividing the average LC/ MS peak area from triplicate samples with that from the control samples.
Equilibrium solubility
Stock solutions of compounds (5 mM in DMSO, 20 µl each) were placed in a 1-ml-capacity glass tube (6 × 40 mm), and the volume of the solution was reduced to 2 µl or less by passing nitrogen gas though the tube above the solution in a fume hood. A volume of 200 µl PBS buffer was added, and the tubes were shaken in a 25°C water bath for 2 days on a shaker (S/P Rotator V, Baxter Scientific). The content of the tube was centrifuged to remove particulate materials. The supernatant was reconstituted with 25% MeOH/ACN (50/50) and 0.1% formic acid for LC/MS analysis to determine the compound concentration. The measured concentration in µM was converted to solubility in µg/ml using the MW of the compounds.
RESULTS AND DISCUSSION
Compound selection
The compounds selected for our studies cover a wide range of physico-chemical properties ( Table 1 ). An attempt was made to select compounds that evenly distribute throughout the range of these properties to allow discovery of correlations. As a result, the distribution of these compound properties is not representative of those of compounds in our entire screening collection. For example, high ClogP compounds were overrepresented in our study to ensure a good coverage of the high ClogP range. Other properties that were considered in selecting compounds for this study included MW, acid-base properties, and the number of H-bond donors and acceptors. In addition, compounds selected for the study were shown to be stable during storage and handling based on results of a separate study. 17 Purity and detection sensitivity of compounds were checked by LC/MS prior to the study.
Compound transfer efficiency
The attempt to directly determine the amount of compounds transferred to the agarose gel using LC/MS was unsuccessful due to interference of gel components in the LC/MS analysis. We therefore measured the amount remaining on the ChemCard in this study. We have tested diffusion phenomena with compounds of ClogPs ranging from 0.5 to 9 in agarose gels using the fluorometry and colorimetry approach. The sizes of the compound spots in the gel are considerably less than 10 mm after 30-min incubation with ChemCard. Because the spots on the ChemCard are 10 to 20 mm apart in this study, the diffusion will not affect the measured amount of compound remaining on the ChemCard. In addition, the size of the solid spot on the ChemCard, which was 1-mm diameter or less when spotted, did not become bigger after incubation with the gel, and we did not observe any particulate material remaining on the card. Based on these observations, we conclude that the total amount is fully accounted for by the amount remaining on the ChemCard measured by LC/MS and the amount transferred to the gel.
In a typical µARCS screen, a ChemCard is incubated with protein/substrate gel for 10 to 30 min, and the protein/substrate gel is then removed from the ChemCard for the next step of screening. Based on various spectroscopic and radioisotopic measurements, there are sufficient amounts of compound transferred to the gel for screening under these conditions. A theoretical estimate indicates a compound concentration of up to roughly 70 to 200 µM for 200 pmol (5 mM × 40 nl) amount of compounds distributed in a 1-to 3µl gel volume. 4 A 20% transfer would provide 14 to 40 µM concentration of compounds in that gel volume, more than sufficient for standard screening purposes. In our study, we have observed various efficiencies with respect to compound transfer. Example LC/MS chromatograms are shown in Figure 1 , illustrating the amount remaining on ChemCard after 0, 3, 10, 15, and 30 min incubation with gel for several compounds. One can see that different compounds show quite different transfer efficiencies.
The rate of compound transfer from the polystyrene card to the gel was obtained by fitting the time-dependent transfer data with a 1st-order kinetics model. The results of compound transfer measurement and calculated rate constant are listed in Table 2 and shown in Figure 2 .
Of the 59 compounds studied, the majority showed more than 20% transfer after 10-min incubation with the gel. There are 9 compounds that showed less than 20% transfer after 10-min and 7 compounds after 30-min incubation with the gel. These poorly transferred compounds show a quite flat time-dependent transfer curve (Fig. 2 ). For these compounds, increasing incubation time will have a limited effect in increasing their gel concentration due to compound diffusion in the gel. As will be discussed later, these poorly transferred compounds are mostly of high ClogP and of low aqueous solubility. In addition, it is noted that the high-ClogP compounds are overrepresented in our study compared to the entirety of our screening collection.
As mentioned earlier, there is excellent overlap between hits found with µARCS and hits found with 96-well plate screening. Either most compounds, including those with slow transfer rates, are present in high enough concentrations to trigger positive activity in µARCS or both µARCS and 96-well screening methods have difficulties with the same subset of compounds.
Correlation with ClogP
The partition coefficient between water and n-octanol or the LogP value has been used extensively to characterize the hydrophobicity of a compound. 18, 19 LogP is an important factor affecting the equilibrium solubility of compounds in aqueous buffer, which in turn could be an important factor in affecting compound transfer efficiency. We therefore sought the correlation of LogP and transfer efficiency. As we have not determined experimental LogPs for these compounds, we used calculated values, for example, ClogP values, from the BioByte program (www.biobyte.com; Table 1 ). 20 Figure 3 shows the correlation between ClogP values and the transfer rate constant. There is a clear trend indicating that compounds of higher ClogP values tend to transfer less efficiently to the gel than do those with low ClogP. Interestingly, the correlation with the transfer rate constant is improved when ClogP values are replaced by LogD values at pH 7.4, calculated using the PharmaAlgorithms program (www.ap-algorithms.com; Fig. 4 ). The LogD calculation considers the effect of ionization at different pH and thus can more accurately predict the partition coefficient for compounds with ionizable groups.
Compound Transfer Efficiency from Polystyrene Surfaces
Previous work has shown a good correlation between ClogP distribution of hits found from µARCS screening of HIV integrase and the distribution of the entire library, indicating absence of bias in finding hit compounds. However, a closer examination reveals a slight bias toward finding more low ClogP hits in µARCS compared to plate screening. 4 Researchers from Caliper Technologies also measured compound transfer from the microarry on LibraryCard to chip assay solution and observed a slight dependence of recovery of compounds and their ClogP values. Compounds of higher ClogP showed a lower level of recovery from the LibraryCard. 16 It is known that compounds of high ClogPs are No -1
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No more difficult to recover from the dried state to aqueous buffer solution in biological screening. 21 The observations made in this work on the correlation of transfer efficiency with ClogP and LogD may reflect the difficulty of high-ClogP compounds to dissolve in aqueous solution and, as a consequence, in the agarose gel.
Correlation with rate of transfer to and equilibrium solubility in PBS buffer
Because solubility in aqueous buffer is thought to be an important factor affecting compound transfer from ChemCard to gel, we have measured the kinetic and equilibrium solubility of compounds in PBS buffer. Again, the rate constant for the compound transfer to PBS buffer was calculated based on 1st-order kinetics. The results are shown in Table 2 . There is a good correlation between the rate of transfer to agarose gel and rate of transfer to PBS buffer (Figs. 5A, 5B) , whereas the correlation with equilibrium solubility is quite moderate (Fig. 6 ). These observations indicate that the kinetics of dissolution into the gel is more important than the solubility in the gel. Kinetics of dissolution may depend on the compound spot size on the ChemCard (roughly constant in µARCS screening), wetting of the spot, solid or crystal structure of the dried compound, the property of the polystyrene surface, and the property of the gel medium. Any of these factors can be potentially modified to control the rate of compound transfer. For example, nonreactive additives can be incorporated into the compounds to change its interaction with polystyrene surface (the wetting as well as the structure of the dried spot). 8 Similarly, surfactant, proteins, or other additives can be added to the assay medium to improve compound transfer. 8, 11, 22 Several recent articles have reported the use of saccharides and cyclodextrin to increase the solubility of compounds in aqueous media and in assays. 23, 24 The results of this study indicate that the kinetics of dissolution of compounds is very important in compound transfer from ChemCard to the gel. However, the equilibrium solubility of compounds in the gel medium will ultimately determine the maximum extent of the transfer. As shown in Figure 5A , for the 6 compounds that show less than 20% transfer to the gel after 30-min incubation, most are possibly limited by the low-equilibrium solubility. Fortunately, both kinetic and equilibrium solubility of compounds might be improved by modifying the conditions of the screening. For example, the presence of protein in the gel could increase the solubility and therefore transfer efficiency of the highly hydrophobic compounds. 25 The results of this study are also relevant to compound recovery in assays in which drying down of compounds in plates (384, 1536, 3456 well) are used for screening. It is well known that compounds of high ClogP are more difficult to recover from dried state into aqueous buffer solution. 21 In these situations, one can use LogD values to estimate compounds that tend to be problematic. Alternatively, compounds can be transferred to assay medium using stock solutions in DMSO, as is more commonly used in plate screening, when the residue amount of DMSO is tolerated by the specific assays.
Other correlations
The compounds selected for this study contain those with MW ranging from 123 Da to 700 Da, which covers that of a typical screening collection. There is no clear correlation between MW of the compounds and their transfer rate constant (Fig. 7) . Compounds in the high and low LogD categories all show random distribution in the plot. This observation confirms the lack of positive correlation between compound transfer efficiency and MW. Diffusion coefficient in solution and in the gel is generally inversely correlated with the size and MW of the compounds (D ∝ 1/(MW) 1/2 ; Stokes-Einstein equation where D is the diffusion coefficient). Compound dissolution may depend on the diffusion constant (Fick's first law, dissolution rate = (D*A*∆C)/h, where D is the diffusion coefficient, A is the surface area, ∆C is the concentration gradient, and h is the thickness of the interface). Thus, there is a theoretical basis to predict the correlation of compound transfer rate with MW. The lack of correlation observed in this study between MW and transfer efficiency might be due to the fact that the diffusion constant difference is small among the different compounds studied. These compounds are all small molecules from the standpoint of diffusion. Using the diffusion constant in water, the general difference between the 150-Da and 700-Da species is only 2-to 3-fold (D = 0.8-1.5 × 10 -5 cm 2 /s for molecules about 150 Da and~0.5 × 10 -5 cm 2 /s for 700-Da species; http://oto.wustl.edu/ cochlea/model/diffcoef.htm). This can also be seen from the predicted difference between D values for species with MW of 150 Da and 700 Da (700/150) 1/2 = 2.2. Thus, the effect of MW on transfer rate through diffusion is probably much smaller than other factors, such as hydrophobicity.
There are more basic groups than acidic groups in our study compound set, but there are enough acids (18 compounds contain acidic groups of various strength; see also Table 1 for calculated pKa-base and pKa-acid values). There is no correlation between the calculated basicity (PharmaAlgorithms) and the compound transfer rate. However, there is an apparent correlation (although mild) of transfer rate with the calculated acidity of the compounds (PharmaAlgorithms; Fig. 8 ). It appears that strongly acidic compounds showed better efficiency of transfer to the gel than did weakly acidic compounds, whereas compounds not containing the acidic group showed a wide distribution of transfer efficiencies. However, most of the strongly acidic compounds also have lower LogD values. It could be that this correlation is due more to LogD than acidity.
There is no strong correlation of compound transfer efficiency with the number of H-bond donors and acceptors in the compound. The sum of the number of H-bond acceptors and donors shows a slight trend that compounds with a high rate of transfer tend to have a larger number of H-bond donors and acceptors ( Fig. 9 ). This could reflect the interaction of compounds with H-bond donor/acceptor with the agarose gel where H-bonding network is available. However, the trend is too weak to provide a strong support for such a hypothesis. In addition, the compounds with a greater number of H-bond donors and acceptors tend to have a lower LogD. Therefore, this correlation could be due more to the effect of LogD.
Variations in compound transfer to the gel medium can contribute to data scattering and difficulty in setting cutoff values for hit picking in µARCS screening. To address this specific issue and the general data-scattering issue in Abbott's screening operation, a method based on deep picking of hits and retesting of large numbers of compounds has been developed. The use of a custom database, software, and a random-access robot facilitates retesting of hit compounds. These ongoing developments will be reported in separate publications. 
Compound Transfer Efficiency from Polystyrene Surfaces
CONCLUSION
Compound transfer from dried state on polystyrene surface to agarose gel was studied within the context of µARCS screening using 59 compounds of diverse physico-chemical properties. The results of this work show that the dissolution kinetics of compounds is more important than diffusion into gel and equilibrium buffer solubility for compound transfer. Compounds of higher ClogPs tend to transfer slower than those of low ClogPs. A slightly better correlation was found when LogD values were substituted for ClogP. For compounds with LogD <5, the majority can be transferred with sufficient amount for screening within a reasonable time frame (e.g., 10 min). Several compounds with low transfer efficiency were observed in this study due to the large number of high-ClogP compounds included in the study set. Although transfer of high-ClogP compounds into gel matrices may be problematic, this is probably also true with respect to drying down compounds for screening in higher density plate formats. Importantly, for µARCS screening, the vast majority of compounds are transferred into the gel matrices to enable robust screening. Also, it should be noted that the excellent overlap between µARCS and 96well screening from compounds dissolved in DMSO (and diluted directly into buffer without drying of the DMSO) puts into perspective the relative insignificance of the compound transfer rates into gels in the overall effort of finding hits using µARCS. The results of this study may also be relevant to compound recovery in assays or analysis in which drying down of compounds is involved. In these situations, one can use LogD values to estimate compounds that tend to be problematic. The feasibility of improving transfer efficiency for the small number of problematic compounds by modifying the gel condition or compound preparation is the subject of ongoing study, and results will be reported in future publications.
